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Regulation of honeysuckle HQT gene to chlorogenic acid biosynthesis in eukaryotic
plant cells of Lonicerae Flos

ZHANG lJing-ru, WU Min-lin, LT Wei-dong, BAI Gen-ben
School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 100102, China

Abstract: Objective To clarify how the HQT gene regulates and controls the chlorogenic acid in eukaryotic cells of Lonicerae
Flos by establishment of HQT gene eukaryotic expression system, construction and optimization of genetically modified tissue
culture system. Methods Using gateway cloning system to build HQT gene eukaryotic expression system, we genetically
created engineered bacteria containing honeysuckle gene function HQT by Agrobacterium tumefaciens-mediated method. The
successful transfection explants of callus induction were established and the HQT gene relative transcript level was amplified by
semi-quantitative RT-PCR; The HPLC was used to determine the sample’s content of chlorogenic acid, then the correlation
between HQT gene polymorphism and content of chlorogenic acid was analyzed. Results The content of chlorogenic acid in
Lonicerae Flos callus quantity rises as its HQT gene expression. Conclusion Honeysuckle HQT gene could regulate
chlorogenic acid biosynthesis in eukaryotic cells.
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1.1 B RKTEMR

SAACT AR Ougt—5) BRA IR
S &L ) B AR b R 4 el AR A |, R e AR R
LBA4404 Bk H1AE m0RRL R 27 5%
1.2 WTREHK

i KO8 B AR pICVST BL R Ut BR K A 81k
pFAST-GO3, - LL RIS #%F K %% Gateway Cloning
SeiE S AYN M DHSo, T Invitrogen 2 7
1.3 iRF

RNeasy Plus Mini Kit (Qiagen-Sample & Assay
Technologies), pENTR Directional TOPO Cloning Kits
(Invitrogen ), Gateway LR Clonasell Enzyme Mix
( Invitrogen ) , One Shot® OmniMAX™2 TI
Phage-Resistant Cells (Invitrogen), DNA Zlifb i3] &
(Invitrogen), TransStart FastPfu DNA Polymerase (1t
RSP ARG R AT), PrimeScript™ RT-PCR
Kit (TaKaRa), ZrJERRAIRA (b5 201103090 1
T R 2 S RERT T E, TR O T 98%.
2 7E
2.1  EIRIE HQT ERRIERZERINE
2.1.1 HQT ARk KM Qiagen-Sample [
RNeasy Plus Kit i 7] & $#2 Bt &2 RNA, i H]
SuperScript® VILO™ ¢DNA Synthesis Kit 5% 5%1%
FIEE, KRS M RNA SFE Sk B cDNA, VA4
ZUWIF: & RNA2.5 pg, 10X SuperScript” Enzyme
Mix 2 pL, 5X VILO® Reaction Mix 4 pL,
DEPC-treated water 1% 20 pL, KMN4AF: 25 C
Rl 10 min; 42 CHRI 60 min; 85 CLRIf 5 min;
4 CYHIRNFT cDNA ¥

ARUREA AT 2K HQT A4 K cDNA
741 (GQ847546), )] Primer Primer 5.0 #/FX}
Fe ol it A7 Ak B, B vk b U 51 ) HQTF -
5’-CTATGGGAAGTGAAGGAAGTGTGAA-3", |
W59 HQT-R: 5°-TCAGAACTCGTACAAACACT-
TCTCAAA-3’ . X H] TransStart FastPfu DNA
Polymerase {7l & 347 PCR Ny 9 H HQT & [H
42K cDNA 4ifid /741

PCR ¥ 344K % : ¢cDNA 3 uL, TransStart FastPfu
DNA Polymerase (2.5 U/uL) 1 pL, 5XTransStart

FastPfu Buffer 10 pL, dNTP (2.5 mmol/L each) 8 L,
HQT-F (10 wm) 2 pL, HQT-R (10 ymol/L) 2 pL,
TCWZKINA 50 L, KNigcft: 94 CHIAEE 5 min;
94 ‘CAZ 30s, 55 CiB-k 30s, 72 ‘CLEff 455, 35
AMIEER; 72 CHEMH 10 min, 4 CHE .

W3 B3 BIR H () PCR P B B4, I il
b AR ) TR PR w) e e W 45 R
MEGA 5.0 #4347 4047, [AI A NCBI (1) Blast
TH, ELEBMEMRIE HQT A [P AHLE .
2.1.2 B TORE R4 (Gateway Cloning System) ')
4R HQT KW AEZ REH A FH
pENTR Directional TOPO Cloning Kits #f1T TOPO
SN BRAF N T A, BARCRE N T T8 R B 144
18 1L Gateway LR Clonasell Enzyme Mix #47 LR
SN ARG IS R AR B AR L) DT ER R A Hidk, Hrh H
AR pJCV51 (G RIAE AR pFast-G03 (JTLER
AR g B LLAR] I AR K% Gateway Cloning S5 46
o P HHEEL pICV51-HQT LA % pFast-G03-HQT
A FURE AL L s AR ) TR B o m) AT
T A
2.2 SR HQT EE LIEWAIMIE

T AR A AT B LBA4404 JZ 2541 ),
K 1 B TR AL AR, R A A ok
PO E P TRE B SORL, 38 PCR 9 5K
K, MEBAVEERE. R EBOEFEEA T, )T
TAEAZ At s B A E ARG R A A, A
600 L BB H 2 2 5 7 B0k 15%, T80 °C
VKA, KIALRAT
23 SRILIMERRIEETEL

R EARLE M (SHRAERI R PR 2 70
FETFIS, A JEESEE 2 D AR AR AL AL b
Mk T4 m R AL AMEAR R, Bk
U (0 TRE P RAT BAR AT, 5 4% R AT 1
1R G, B A A BN T 161 45 1) AR AT B4R ik
24 5~10 min (2 52 ()R035 & DR B 1T 2
TG o K I R4 e B BOOMIEARSE T S5, 025 T
FTCHE KUK BT, 2 a2 Y B B
S EARIEIO 5 S A U TR0, AR AT
WLIEFE 3 d )T, DEBRARKTR, HEAT PR
HEFE, T 2 DR RIEEARA G L& Wbt
RIFE, W IR B pr il ZARRP . kg
pJCV51-HQT: MS+0.1 mg/L 6-BA+1 mg/L NAA+
25 g/L M +7 g/L £f§+50 mg/L Kana+300 mg/L
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Car+25 g/L BERE+7 o/L Billg: VB E Lk
pFAST-G03-HQT: MS+0.1 mg/L 6-BA+1 mg/L
NAA+25 g/L #Efi+7 o/l BiJlE+50 mg/L Hyg+
300 mg/L Car+25 g/L W +7 g/L Bifl. Jiiikiis
— B a], AMEAR B AL A0 ks 2 AR B A A2,
W SLE NAR P [ IE PR SR TP AT Y B9, HE
TE AR A2, T A G IR el i v
K%,
2.4 #|F HPLC 53 E & RT-PCR #iTH 7 47
2.4.1 HPLC e i 3L SR e @t A2 h 4 A R
K52 Bx B 2 JEU R 6 S 2.3 mg T+ 10 mL &,
N 50% FEERE % 0.23 mg/mL [ IR Sy, A8 T
0.45 pm FAFLIEMEIEATIERE, BIAS . HERCLTF (0]
SV IIERE 050 20 4. 8. 10, 12 pL, idatik
TR, 2l bRt 2 .

FRECEESS 0.5 g, BT =MW, I 50%H &
50 mL, FRBTE, SEATH S AP 30 min, JEER SR
JEJURE, 50% M EEAb R ZE i, ATH] 0.45 pum flfL
PR TUE, AR . 23 M RIBCAS [RI S RURE T i 5
10 pL BEFE, MEATSEIRINE . BAMFEMER 3
R, A LI .
2.4.2 JEfE RT-PCR Wl F 5L R AR i 41 21
o HQT ZERMARXN HKIA T /el R G
Fis. PIBRKIE) DAL (PR SR
A ZRP) RNA Ffiiid [ 515 2] cDNA; W THRf &
514 (Actin-S: 5-TTTGCYGGWGATGATGCTCC-
3’; Actin-A: 5’-TCCATRTCATCCCAGTTGCT-3;
HQT-RT-F: 5’-ACCACCCTCAAGGCGAAAG-3’;
HQT-RT-R: 5’-CAAAATCCGCATCGTGAACT-3")
HEAT RT-PCR -2 #5047

PCR X NARRUWIT ([FH#AEYT H): cDNA 1
uL, RT-PCR 10 pL, Actin-S ¢ HQT-RT-F (10
pumol/L) 1 pL, Actin-A 8¢ HQT-RT-R (10 pmol/L)
1 uL, ddH,0 M4 20 pL. PCR Je N 414 94 “Cil
AP 5 ming 94 CAEME 30s, 53 ‘CiBk 305, 72 C
SEfH 30's, B-actin HEAT 30 MEHA, HQT 4T 32 4~
MEFR; 4 CIUE - BNEHEER VK SE K6 PCR 473
BEAT 53 HT o

TR AR R 48 N H IR I e o0 BT FRLUK 45 1)
WEIEAE . H SRR 2 IA f oA T LIk 4 TR
JCFEAE 55 P 23 L DAL (1) F 4% Ty R RO A 1) LEAE
FAFEME S 3 W E R RT-PCR 5246, X Bl
BEAT 7 G50 T o

3 #R

3.1 &R HQT EFEEMZKIEHIFMEE

3.1.1 %5 pJCVSI-HQT AR 514) M13-F

MI13-R X A J#4& (pIJCV51-HQT) #H4T PCR %58,

Mo K P BEN P 45 WP S GeneBank 114

WA HQT JERFHHEATILRT, &5 FRMFENT 18K

i S NHFE ] Y GeneBank BT R (I 44 AE

HQT R F A58 45, HUILiE L5 o3k T

HQT FERIN T T34k

3.1.2  pFAST-GO3 41 7 [ il

POREAE (B 1D

32 IIEEEHRFA PCR EEMHMERELER
PREL e R EAT B AT PCR 55, Wil 2 fiiow,

SERERH TR R B GeneBank 1T ik

N AARAE HQT LR P4 58 4 — 3K

BT

+3.000 bp

1-pFAST-G03 FEA % M-Marker
1-pFAST-GO03 recombinant clone M-Marker

1 STEKE IR BstBI B 1) ik E
Fig.1 Electrophoresis of enzyme digestion of silence vector BstBI

1A TALTRE 2Tk F A T4LFOR. M-Marker
1-overexpression recombinant plasmids 2-silence expression recombinant
plasmids M-Marker

2 ELHFTH PCR £ ERAE 5 b B ik E
Fig. 2 Electrophoresis of PCR-positive clones of
recombinant plasmid
3.3 BERFEAER
R 7 IRAT TR, N BAL AR it
SMEAR. TREEEALSMENR, JEHFR3 dJa, 5t
FARR RS IR R IRIE T, 2 i) P RS R kAR
FRkrh, R RleARepUE 42
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34 HPLC 53 F = RT-PCRENERREXFR

FIH HPLC T 3 Uil e AN [F) S R R TR 4R
e st R &, wiE 3 s, H,
R SR AL b SR R i =, A2
11.782 mg/g, BFARIMKZ, 4 7.041 mg/g, VIR
KIS AL, 1.180 mg/g.

FIFH € 5 RT-PCRAG I HQT & PRy AH X ik
W, SR A 3 K. W 4 )28 5 FoR, AlE ) HQT
AR R RV LIRS 2L 2R P (A ik B g, B
AERIfE Y, PUERZRIA T HQT MAHX Rk i ik

ks

5%/ (mg-g ")

sk

1 2 3

L B AL TP<0.01  1-EPET 2 d IR 3-iEREIL
o, TH
P <0.01 vs wild, 1, 2, 3 was wild, overpressed and silence type

respectively, same as below
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Fig. 3 Content of chlorogenic acid in transgenic honeysuckle

callus
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Fig. 4

transgenic callus of Lonicerae Flos

HQT gene of relative expression in different

1 2 3

HQT

B-actin

B-actin NS
B-actin was reference gene

5 TREIZESEEFRAAALRH HQT +EE RT-PCR AKE
Fig. 5 Semi-quantitive RT-PCR electropherogram of HQT

in various GM callus

X} HQT X ik BRI 4120 (4t R R
WATAORYE i, a5 IR, SMfe @A
HQT I K ) 08 SRR A AR = vh 4 JR R i i
FHER, RP=09975, Ll Y=15.208 X—
7.256 4, RIBEAE SALERA L HQT JEpE Rk &
s, KA =k IR R I S T s SR IRER .
4 itig
4.1 BRERTERFHERIEHANEIG

1 Sk —F{H Y DNA B4 7 7%, 76 4848 HQT
ERNEMERIERGE MM RS, SAKEM
FERN ) 07 T AN 43 A A, AR DR ) 1) 52 HE
BRSO, S R v I 2R S b E LAY )
I E L —PERE T DNA F BURAL S, BRH P v b
RAE, M4 T m bR RIE W R . 8%
T B 2R G0 1Y) B KR A T LUEAT 51 R AT
Eop W N 1 R AN SN E =R NN S P8 8PS
Vv B BUAS [F] 1R H BBk, 2578 BO& Rl A [ 1)
B M, WEPFRETE K.

42 EMIMERELEENZINER

AR IR A S AT U G BEAD ,  TT RE T 4
AR AR R 208 2 I JC B
AR TRERIREE . PrAE R SEENE R,

TR TC R B TN Ja B A SRR T 28 1
AMRAARKIR, SERALF T/ NN, ARRGE
BRAG, L6 b (VDAL B L S A AL B, W] ik
HMGE TR R, AR R ASSE RFAE,
SN S PR SR ey e BEAT . 7EER 3 AsEe
TEFH Tl AR U IR A el L ) A R AR 4, FTAEAE
IR AENR A ZE, R4 S S 56 R A M A

A IR TR R AR B AME AR LR, B
W =, ZRIVRIFEEA S 2B, 385 I sz g6 #fE
B, Sema M A A K RO A, AR AT
WA, ARITILZYSME, LU T oMiE
WD, BHES SRR,

UbAh, AMERIR YT A gL
AR I LS S0 3R R 1 35506 S R AR S ME A 1)
AR SCR 1 AN R R P [R50, S J B BE TR 4
HRACHME A T -

4.3 HQT ERFAEFREEHIEMNE K

KT HQT FEPMAEL R R AW 5T 7
1, ARSI O JFUZ AR 3T T
9%, R M R AR HQT 3 [N i i £ ik & 1k
pET30a-HQT, Zr&4ifh 74 #HfeE 4 HQT &1,
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M E T R4 20 HQT & M AL IR AR,
YDA T &4 HQT XHAH N e A 5 mi i)
SRR, BURSE HQT JENIE ML LR IR 5 g
b i AR

AFFUEE HQT I PR % Y FAZ M) G AR AL 1
BitH4e, k€ & RT-PCR LA K HPLC )55 5
XF HQT JEF AR A 2 DL R 4% I R 1) s A T A
Mo FRHESLI SR, RERIAT @A AL IR 4% IR
FR By, 4 11782 mg/g, AR, PUEREIL
BRI, HAT 1.180 mg/g; i FIAM ) HQT LA
XS FRIA A R e, BPARRE T, IR B
ko 459K, HQT I[N )R IE H R M 48 IR IR
L EY) A i, HQT HISERIRIA 1 5 5 IR IR 1 E ) &
IR LML R, HQT JEIN (13RI XS SRR 5 1 L
AIEHEER, B 7446 HQT JEPR/E Bk
Pran i F IR S RE A 1, O SRR R
R Ik & 0T 707 et 7 B0 SR

Sk
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